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The interplay between superconducting fluctuations and inhomogeneities presents a renewed in- 
terest due to recent works of different groups which apparently support an intrinsically anomalous 
(beyond the conventional Gaussian-Ginzburg-Landau scenario) diamagnetism above Tc in under- 
doped cuprates. This conclusion, mainly based in the observation of new anomalies in the isother- 
mal magnetization curves at low field amplitudes, is in contradiction with our earlier results in the 
underdoped Lai.gSro.iGu04 [Phys. Rev. Lett. 84, 3157 (2000)]. These seemingly intrinsic anomalies 
are being presented in various influential works as a "thermodynamic evidence" for phase incoherent 
superconductivity in the pseudogap regime, this last being at present a central and debated issue of 
the cuprate superconductors' physics. To further probe the diamagnetism above Tc in underdoped 
cuprates, here we have extended our magnetization measurements in Lai.9Sro.iGu04 to two samples 
with the same nominal composition but, due to different growth procedures, with different chemical 
disorder, in one of the samples this disorder being close to the intrinsic-like one, associated with 
the unavoidable random distribution of the Sr ions (which will be then present even in an ideal 
Lai.9Sro.iCu04 crystal). For this sample, the corresponding Tc-inhomogeneities may be approxi- 
mated as symmetric around the average Tc- In contrast, the most disordered sample presents a 
pronounced asymmetric Tc-distribution. The comparison between the magnetization measured in 
both samples provide a crucial check of the chemical disorder origin of the observed diamagnetism 
anomalies, which are similar to those claimed as due to phase fluctuations by other authors. This 
conclusion applies also to the sample affected only by the intrinsic-like chemical disorder, provid- 
ing then a further check that, for all applied magnetic field amplitudes, the intrinsic diamagnetism 
above the superconducting transition of underdoped cuprates is not affected by the opening of a 
pseudogap in the normal state. It is also shown here that once these disorder effects are overcome, 
the remaining precursor diamagnetism may be accounted at a quantitative level in terms of the 
Gaussian-Ginzburg-Landau approach under a total energy cutoff. 

PACS numbers: 74.25. Ha, 74.40.-n, 74.62. Dh, 74.72.-h 



I. INTRODUCTION 

In high-Tc cuprate superconductors (HTSC), the 
dilemma between superconducting fluctuations above the 
superconducting critical temperature, T^, and inhomo- 
geneities was already posed by Bednorz and Miiller in 
their seminal worki after having indicated that the 
rounding of the electrical resistivity around the average 
Tc in their lanthanum-barium-copper oxide could be due 
to inhomogeneities, they added "the onset (of the resis- 
tivity drop) can also be due to fluctuations in the su- 
perconducting wave function^^ . It was soon established 
that the observed rounding effects were much stronger 
than the ones expected from the presence of fluctuating 
superconducting pairs and that they could be explained 
by the presence of extrinsic Tc-inhomogeneities with long 
characteristic lengths [larger than the in-plane supercon- 
ducting coherence length amplitude, ^ab{0)], associated 
with chemical inhomogeneities.^ In fact, their layered na- 
ture and the complexity of their chemistry enhance the 
relevance of the extrinsic inhomogeneity effects in real 
HTSC. Since these earlier results, the entanglement be- 
tween superconducting fluctuations and inhomogeneities 
with different characteristic lengths and spatial distribu- 
tions has played a central role when analyzing the mea- 



surements of any observable around the superconducting 
transition in cuprates.^ 

In the case of the rounding above Tc of the normal state 
magnetization, the so-called precursor diamagnetism, the 
dilemma in cuprate superconductors between supercon- 
ducting fluctuations above Tc and inhomogeneities was 
open years ago, mainly in the underdoped compounds 
having a pseudogap in the normal state. Earlier mea- 
surements in the underdoped Lai.gSro.iCu04 (LSCO- 
0.1) suggested that its precursor diamagnetism still is, 
from a phenomenological point of view, conventional^^ 
In fact, not too close to Tc these magnetization round- 
ing effects were explained at a quantitative level in terms 
of the Gaussian-Ginzburg-Landau (GGL) approach for 
homogeneous layered superconductors!^ Therefore, these 
results suggested that, as it was also the case of the 
BCS metallic low-Tc superconductors r'"— or of the op- 
timal doped cuprates^i^ the precursor diamagnetism in 
underdoped cuprates is due to fluctuating superconduct- 
ing pairs, and is not affected by the opening of a pseudo- 
gap in the normal state. The anomalies observed since 
then by various groups in different HTSC, including the 
Lai.gSro.iCu04 compound,^' ^'^ fueled different theoret- 
ical proposals of unconventional (non-GGL) precursor 
diamagnetism, in some cases seemingly confirming the 
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popular scenario of phase incoherent superconductivity 
up to the pseudogap temperaturei^"— However, these 
anomahes were later easily explained in terms of Tc inho- 
mogeneities with long characteristic lengths associated to 
chemical disorder, which do not directly affect the super- 
conducting transition own nature j^"— In fact, as the dia- 
magnetism in the superconducting state is orders of mag- 
nitude stronger than the one associated with fluctuating 
superconducting pairs, even the Tc-inhomogeneities in- 
herent to the unavoidable random distribution of dopants 
could have a dramatic influence on the measurements. 
The relevance of these intrinsic-like Tc-uihomogeneities 
on the measurements of the precursor diamagnetism was 
probed in recent experiments in the LSCO systemj^^ 

The debate about the nature of the precursor dia- 
magnetism in underdoped cuprates has been recently 
reopened by new measurements and analyses, some of 
which were again performed in LSCO compounds, which 
seemingly confirm the intrinsically anomalous behavior 
of their magnetization above Tci^— These anomalies 
include a huge and field dependent diamagnetism close 
to the average Tc, and an increase with the tempera- 
ture of the so-called upturn magnetic field. Hup, at which 
the differential magnetic susceptibility changes from neg- 
ative to positive on increasing the applied magnetic field, 
a behavior that cannot be explained by a Gaussian Tc 
distributionJi These different magnetization anomalies 
are being considered in various infiuential works as an ev- 
idence for phase incoherent superconductivity well above 
7c, ^'^^■^^ in particular because "there is hardly another 
known mechanism that can deliver diamagnetism of this 
magnitude" The relevance of the precursor diamag- 
netism is enhanced by the fact that another central ex- 
perimental support for phase incoherent superconductiv- 
ity above Tc in cuprates, the relatively large amplitude of 
the Nernst effect well above Tc, has been recently ques- 
tioned by various groups, which attributed such behav- 
ior to normal state effects. -SSiiSi So, at present one of the 
main experimental arguments invoked to still support 
the popular phase-disordering scenario above Tc for the 
cuprate superconductors is the seemingly non-GGL pre- 
cursor diamagnetism!^"— In fact, the coincidence of 
these seemingly intrinsic anomalies with those observed 
in measurements of the Nernst effect has been claimed as 
"a fairly unequivocal diagnosis of vortex motion" above 
TcM 

The results summarized above stress the interest of 
further study the influence of different inhomogeneities 
on the precursor diamagnetism in underdoped cuprate 
superconductors, in particular complementing our previ- 
ous works on that issueJ^"— This is the central aim of our 
present paper, where we will first present magnetization 
measurements in two underdoped granular samples of the 
same nominal composition, Lai.9Sro.iCu04 (LSCO-0.1), 
but with different structural and chemical disorder due 
to differences in the synthesis. These differences lead, in 
particular, to different x-ray diffraction linewidths and 
superconducting transition widths. These preliminary 



characterization measurements show that in one of the 
samples the chemical disorder is close to the intrinsic- 
like one, associated with the unavoidable random distri- 
bution of the Sr ions (which will be then present even in 
an ideal Lai.9Sro.iCu04 crystal). The chemical disorder 
in this sample leads to a (intrinsic-like) Tc-distribution 
which may be approximated as symmetric, whereas the 
most disordered sample present a pronounced asymmet- 
ric Tc-distribution. As we will see here, a direct com- 
parison between the as-measured magnetization in both 
samples already demonstrates that most of the observed 
anomalies are in fact extrinsic. When analyzed at a quan- 
titative level, these data show that the anomalies at low 
field amplitudes in the isothermal magnetization curves 
may be explained by the presence of structural and Tc- 
inhomogeneities with long characteristic lengths, much 
larger than ^ab(O). This conclusion includes both the 
upturn magnetic field, f^iiSiiiii^ and the apparently 
anomalous power- law dependence below H^p, a behav- 
ior pompously called by some authors '^fragile London 
rigidity" J^ii^ 

Our results will also provide a direct explanation in 
terms of Tc-inhomogeneities of a quite subtle anomaly, al- 
ready commented above, affecting these isotherms: The 
increase of Hup with the temperature, a dependence 
recently observed by Lascialfari and co-workers^ at a 
quantitative level and that cannot be explained in terms 
of a Gaussian Tc distribution. It will be shown here that 
this behavior may be still attributed to chemical disor- 
der if it leads to an asymmetric Tc-distribution, extend- 
ing well above the average transition temperature, Tc. 
In fact, this is mainly the case in the most inhomoge- 
neous samples, where such a temperature dependence of 
Hup is observed to be more important: even a symmet- 
ric doping-level distribution could lead to an asymmetric 
Tc-distribution, due to the characteristic bell-shaped Tc 
dependence on the doping level, x. The only requisite 
is that such doping-level distribution is wide enough as 
to cover a region where Tc presents a strongly non-linear 
x-dependence. This will be the case of the underdoped 
LSCO if this region extends up to the optimum doping. 

Then, it is shown that the inhomogeneity and the fluc- 
tuation effects may be disentangled by just applying a 
magnetic field large enough as to shift Tc{H) to low 
temperatures, by an amount of the order or larger than 
the superconducting transition width. In this way, we 
were able to quench inhomogeneity effects in the less in- 
homogeneous sample. The remaining diamagnetism is 
explained, even at a quantitative level, in terms of the 
GGL approach for homogeneous layered superconduc- 
tors. Complementarily, this agreement with the GGL 
approach also confirms our previous conclusions about 
the absence in the bulk of inhomogeneities with short 
characteristic lengths, as those observed by using surface 
probes.^® Indirectly, they also support recent proposals 
that the large-amplitude Nernst signal observed in the 
normal state in LSCO is not associated with supercon- 
ducting fiuctuationsj^i^i 



3 



The paper is organized as follows: The fabrication and 
characterization of the samples is described in Sec. II. 
The experimental results on the low-field anomalies ob- 
served around Tc are presented in Sec. III. A, while in 
Sec. III.B these anomalies are explained in terms of an 
inhomogeneity model which takes into account the Tc 
distributions present in the samples. Sec. IV is ded- 
icated to the data analyses in terms of the GGL ap- 
proach for layered superconductors, paying special atten- 
tion to the reduced-temperature dependence of the pre- 
cursor diamagnetism, which further confirm the presence 
of Tc-inhomogeneities. The conclusions are presented in 
Sec. V. 



II. FABRICATION AND GENERAL 
CHARACTERIZATION OF THE SAMPLES 



We have used two granular Lai.9Sro.iCu04 (LSCO- 
0.1) samples, that were chosen instead of single crystals 
because they allow to change easily the structural and Tc- 
inhomogeneities, but conserving the same average chem- 
ical composition. This is a crucial experimental aspect 
of this work. In addition, the random orientation of the 
grains and the influence of the grains finite size may be 
easily taken into account when analyzing their magnetic 
behavior. Following a standard procedure described in 
detail elsewhere (see, e.g., Ref.tl6iand references therein), 
both samples were prepared by reacting in air at 930° C 
for 20 h stoichiometric proportions of thoroughly mixed 
powders of La203, SrCOa, and CuO (99.99% purity). 
Sample 1 was reacted up to ten times with intermediate 
grindings in an agate mortar. Such a number of grind- 
react (G-R) processes was shown to be enough to attain 
a superconducting transition-width close to the intrin- 
sic one (associated to the random distribution of the Sr 
dopants) However, to study the influence of the extrin- 
sic structural and chemical inhomogeneities on the pre- 
cursor diamagnetism, sample 2 was prepared in a slightly 
different way: on the one side, it has been subjected to 
only four G-R process, so one may expect that this sam- 
ple will have more chemical inhomogeneities and then 
more Tc-inhomogeneities. On the other, in order to ob- 
tain a smaller grain size, the intermediate grindings were 
performed with a commercial grinder (Retsch, model PM 
100). As we will see below, transition width and grain 
size are both factors strongly affecting the magnetic be- 
havior of these materials around the average Tc. 

A first check of the samples' chemical composition and 
homogeneity was provided by x-ray diffraction (XRD) 
measurements performed with a Philips diffractome- 
ter equipped with a Cu anode and a Cu-Kq, graphite 
monocromator. As it may be seen in Fig. [1] the XRD 
patterns of both samples exclude the presence of impu- 
rity phases and are almost indistinguishable, the only 
difference being the larger linewidths in the case of sam- 
ple 2 (fabricated with less G-R processes). This behav- 
ior related to the number of G-R processes was already 
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FIG. 1. (a) and (b) X-ray diffraction patterns for sample 1 
and 2, respectively. The positions of tfie diffraction peaks of 
both samples coincide, indicating that they have the same 
average chemical composition. However, those corresponding 
to sample 2 (with less grind-react processes) present larger 
linewidths, providing a first indication of a more inhomoge- 
neous Sr distribution. This is illustrated in (c) and (d), which 
show details of the Cn-Kd and the Cn-Kc,2 components of 
the (220) line for sample 1 and 2, respectively. Whereas in 
sample 2 the two components overlap, in the most homoge- 
neous sample they are resolved. 



reported in Ref. \\^ and may be attributed to a more in- 
homogeneous Sr distribution in sample 2, which directly 
leads, as we will see below, to a wider Tc distribution. 
Another relevant difference between both samples con- 
cerns their average grain diameter, 5 /im for sample 1 
and 1 /im for sample 2 as determined by scanning elec- 
tron microscopy. 

The average transition temperatures (Tc) and transi- 
tion widths (ATc) were estimated from the temperature 
dependence of the field-cooled (FC) magnetic susceptibil- 
ity {x^'") under low applied magnetic fields (see Table I). 
Tc is defined as the temperature at which the tempera- 
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ture derivative of the FC curve has its maximum. ATc 
is defined as twice the high-temperature half-width at 
half-maximum of the dx^'~^ /dT versus T curve. In this 
way we elude the extrinsic rounding associated with the 
competition between the grains size and the magnetic 
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FIG. 2. (Color online) Temperature dependence of the field- 
cooled magnetic susceptibility, x^*^) measured under very low 
magnetic field amplitudes (0.5 mT). The different behavior 
around Tc in the two samples studied here may be observed 
in (a): whereas sample 1 presents a relatively well defined 
diamagnetic transition, sample 2 is diamagnetic up to a tem- 
perature, r™''", close to the highest critical temperature of 
the La2-a;Sra;Cu04 system (^ 38 K). An overview of these 
X^^ (T) curves, together with their temperature derivatives 
(solid lines), are shown in (b) and (c). One may see in (c) 
that the transition width, ATc, for sample 2 does not take 
into account its markedly asymmetric Tc-distribution. Other 
details are commented in the main text. 



penetration length, which is appreciable mainly below 
Tc (see the note in Ref. 37 of Ref. Iisl ). Also, as in 
this region 1x^*^1 <C 1, the demagnetization effects may 
be neglected. In the case of samples with a markedly 
asymmetric Tc-distribution, extending well above Tc (in 
a temperature region where dx^'~^ /dT around Tc can no 
longer be approximated as Gaussian), as a complemen- 
tary characterization of the Tc distribution we introduce 
jimax^ roughly defined as the temperature above which 
dx^'^ / dT is below the experimental uncertainty. 

An example of the X^'^(^) curves for each sample 
is presented in Fig. [2l together with the correspond- 
ing temperature derivatives. These measurements were 
performed with a superconducting quantum interference 
magnetometer (Quantum Design, model MPMS-XL) and 
under low fields (around 0.5 mT). Important differences 
between these curves for both samples are readily ob- 
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FIG. 3. (Color online) Some examples of the as-measured 
magnetization isotherms obtained in the two samples stud- 
ied here under low-magnetic field amplitudes, H/Hc2{0) ^ 1. 
One may see that the behavior of these isotherms differs dra- 
matically from sample to sample, mainly below Tc- The pro- 
nounced minimum at very low fields corresponds to the lower 
critical field (-ffci). In sample 2 one may observe a shift of this 
minimum to higher fields and also a rounding. Both behav- 
iors clearly suggest the presence of Tc-inhomogeneities, which 
will affect more deeply sample 2. This scenario is supported 
by the as-measured magnetization versus temperature curves 
shown in the insets: the M{T)h curve measured in sample 2 
is much more rounded above its Tc than the equivalent curve 
measured in sample 1. The solid lines here are the background 
magnetization, obtained as explained in the main text. 
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servable in spite of the above mentioned similarities be- 
tween their XRD patterns: On the one side, as a conse- 
quence of its larger average grain size, sample 1 presents 
a much larger Meissner signal. On the other, the im- 
proved Sr distribution in sample 1 makes its diamagnetic 
transition much sharper than in sample 2: for sample 1, 
ATc/Tc ~ 0.04 (which is close to the intrinsic value asso- 
ciated to the unavoidable random distribution of the Sr 
dopants, see Ref.lii), while AT^/Tc w 0.25 for sample 2. 
In fact, as may be already observed in Fig.[2Ia), this sam- 
ple is slightly diamagnetic up to a temperature near the 
maximum transition temperature for the La2-a;Srj;Cu04 
system 38 K), see Table I. Such a behavior is illus- 
trated at a more quantitative level in Figs. [2jb) and (c) 
through the dx^'~^ /dT curves. We will see in the next 
Section that such an asymmetric Tc-distribution plays 
a crucial role in the fine-detail behavior of the precur- 
sor diamagnetism measured in the most inhomogeneous 
samples. In particular, it leads to an increase of Hup 
the temperature of the corresponding isotherm increases. 
The values of these different parameters are summarized 
in Table I. 



III. MAGNETIZATION ISOTHERMS IN THE 
LOW FIELD REGIME AROUND THE AVERAGE 
TRANSITION TEMPERATURE 

As already stressed in the Introduction, some of the 
magnetization anomalies claimed in different works as 
convincing experimental evidences of an unconventional 
superconducting transition in cuprates, were observed 
in the low-field regime of the magnetization isotherms 
above the transition temperature.— ^i^^— These seemingly 
intrinsic anomalies include the presence at low field am- 
plitudes of the upturn magnetic field. Hup, its temper- 
ature dependence, and a field-dependent and huge dia- 
magnetism below Hup, orders of magnitude larger than 
the diamagnetism associated with the presence of fluctu- 
ating superconducting pairs. So, in this Section we will 
first present detailed measurements of these isotherms in 
the two samples studied here. We will directly see in 
the as-measured curves two central aspects: even at a 
qualitative level, the behavior around Tc at low fields is 
strongly sample dependent. This already suggests that 
such a behavior is not intrinsic. Moreover, in the most 
inhomogeneous sample 2, the magnetization around Hup 
is of the same order of magnitude above and below Tc, 
in both cases orders of magnitude larger than one may 
expect from the presence of fluctuating superconduct- 
ing pairs.—""— As already shown when analyzing other 
magnetization anomalies in other experimentS j^'^i^^'^^ the 
presence of inhomogeneities like the ones revealed in our 
samples by x-ray diffraction and low-field magnetometry, 
could lead to so huge amplitudes above T^.- 

To characterize at a quantitative level the magneti- 
zation anomalies we will introduce the so-called excess 



magnetization, 

AM(T, H) = M{T, H) - Mb{T, H), (1) 

where Mb(T,H) is the background magnetization (free 
from rounding effects such as the intrinsic fiuctuation 
effects) which may be approximated by extrapolating 
through the transition the normal state magnetization 
measured well above Tc{H). 

A. Experimental results and some qualitative 
considerations about the observed anomalies on the 
magnetization isotherms 

Some examples of the as-measured magnetization 
isotherms obtained in the low field regime around Tc are 
shown in Fig. [31 This regime corresponds to H/Hc2{0) ^ 
I, where i?c2(0) is the upper critical field perpendicular 
to the crystallographic ab planes linearly extrapolated to 
T = K. In this limit, the conventional GGL approach 
for the excess-magnetization associated with the pres- 
ence of fluctuating superconducting pairs above the su- 
perconducting transition reduces to the so-called Schmidt 
regime, where the precursor diamagnetism is propor- 
tional to the applied magnetic field. These measure- 
ments were performed by using again a high resolution 
magnetometer based on the superconducting quantum 
interference (Quantum Design, model MPMS-XL), and 
following the procedures described in detail elsewhere 
(see Refs. [H, |l^ and [igI and references therein). Let 
us just stress here that special care was taken to avoid 
spurious contributions to the measured magnetization, in 
particular those that could be associated with the pres- 
ence in the sample holder of minute quantities of oxygen, 
which has a paramagnetic transition around 45 K, a tem- 
perature region particularly sensitive for the precursor 
diamagnetism extraction in LSCO compounds. 

As already noted above, one may directly see in 
Fig. [3] the dramatic differences between the magneti- 
zation isotherms measured in the two samples, mainly 
above Tc- This is so in spite that the isotherms in the two 
samples correspond to quite similar reduced-temperature 
distances to the transition, |e| = |ln(T'/T'c)| ~ \T — 
Tc\/Tc being around 0.06 for the four isotherms above 
and below the corresponding Tc- As expected, below 
Tc both isotherms present a deep minimum associated 
with the lower critical field, Hci, but this minimum is 



Sample 


(K) 


ATc 
(K) 


(K) 


MoHc2(0) 
(T) 


U{0) 

(A) 


1 


28.8 


1.2 


32 


36 


30 


2 


25.5 


6.8 


38 


25 


36 



TABLE I. Values of the main parameters arising in the phe- 
nomenological description of the diamagnetism above the su- 
perconducting transition measured in the two LSCO samples 
studied here (see main text for details). 
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clearly smaller and rounded in sample 2, and also shifted 
to higher field amplitudes. This behavior clearly suggest 
the presence of Tc-inhomogeneities affecting more deeply 
sample 2. This scenario is supported by the as-measured 
magnetization versus temperature curves shown in the 
insets of Figs.[3lja) and (b): The M{T)h curve measured 
in sample 2 is much more rounded above its Tf. than 
the equivalent curve measured in sample 1. The solid 
lines are the corresponding background magnetizations 
(for the details see next section). 

The differences in the as-measured magnetization ob- 
served in Fig. [3] for the two samples may be better ap- 
preciated by comparing the results presented in Figs. H] 
and[5]for the excess magnetization isotherms, AM{H)t, 
for temperatures just above Tc in the two samples stud- 
ied here. In this case, the background contribution was 
estimated as the isotherm at 37 K, well above the corre- 



sponding Tc- Both samples present a strongly nonlinear 
behavior: |AM(_ff)T| increases with H following a power 
law (see below) up to the upturn magnetic field. Hup, 
and decreases monotonously for larger fields. It is just 
the anomalous behavior at very low reduced field ampli- 
tudes first observed by Lascialfari and coworkers.^ This 
anomaly, which cannot be explained on the grounds of 
the Ginzburg-Landau approaches for the diamagnetism 
induced by the presence of fiuctuating superconducting 
pairs,— is being claimed by different authors as an evi- 
dence of the relevance of phase fiuctuations above in 
cuprate superconductorsi^iii"— However, as already in- 
dicated in the Introduction, contrary to these proposals 
it was already shown in Refs.flslIT^. and [H that the pres- 
ence in the samples of Tc inhomogeneities at long length 
scales (much larger than the coherence length amplitude) 
could lead to a similar M{H)t dependence around Te- 
la fact, a similar effect was observed also in disordered 
low-Tc metallic alloysji2, 
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FIG. 4. (Color online) (a) Magnetic field dependence of the 
excess magnetization of sample 1 for several constant temper- 
atures around Tc- The background or normal-state contribu- 
tion was removed from these curves by subtracting the M{H) 
curve measured at 37 K, which is well above Tc and where the 
fluctuation diamagnetism is expected to be negligible in the 
scale of these figures, (b) The lines correspond to Eq. ([4]) nu- 
merically evaluated by using a Gaussian Tc distribution with 
Tc = 28.5 K and ATc = 3 K (represented in the inset in ar- 
bitrary units). Note that for this sample, with a symmetric 
Tc-distribution, the upturn magnetic fleld Hup decreases as 
the temperature of the corresponding isotherm increases. 



The results summarized in Figs.HJa) andjSJa) also al- 
low to perform a crude but direct analysis of the ob- 
servation that in some high-Tc cuprates H^p increases 
with temperature.^ As already commented in the Intro- 
duction, such a behavior is being presented as a strong 
argument against the explanation of the magnetization 
anomalies in terms of Tc-inhomogeneitiesi^ in a naive 
inhomogeneity scenario, H^p will mimic the lower crit- 
ical field of the higher- Tc domains, which decreases on 
increasing the temperature. Nevertheless, the extrinsic 
nature of this effect is directly inferred by the fact that 
Hup increases with temperature only in sample 2, and 
also its corresponding H^p values differ by almost one 
order of magnitude from those of sample 1. Moreover, 
the fact that sample 2 is just the one fabricated with 
a smaller number of grind-react processes and the one 
having a wider diamagnetic transition, strongly suggests 
already that such an ff„p(T) dependence is associated 
with inhomogeneities, although in a way not so direct 
as for sample 1. In fact, we will see in the next Section 
that such a behavior may be quantitatively explained in 
terms of an asymmetric Tc distribution, extended well 
above the average Tc- In turn, this kind of distribution 
may be easily explained in terms of a symmetric doping- 
level distribution, due to the characteristic bell-shaped 
Tc dependence on the doping level. The only requisite 
is that such doping-level distribution is wide enough as 
to be appreciable near the optimum doping. In this way 
domains near the maximum Tc (where Tc is almost in- 
dependent of the hole content) may present a significant 
volume fraction even if the average hole content is well 
inside the underdoped or overdoped regions. 
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FIG. 5. (Color online) (a) Magnetic field dependence of the 
excess-magnetization of sample 2 for some constant tempera- 
tures around Tc- These data were corrected for the normal- 
state contribution by subtracting the isotherm measured at 
37 K (well above Tc). The dashed line joins the data points 
of the different isotherms where Hup is located. In contrast 
with the results for sample 1 (Fig. |4|, in this sample Hup in- 
cresases when the temperature of the corresponding isotherm 
increases, (b) and (c): The lines correspond to Eq. Q eval- 
uated with the Tc distribution shown in the corresponding 
insets in arbitrary units. As may be clearly deduced by com- 
paring the curves in (b) and (c), the Hup increase is a con- 
sequence of the slightly asymmetric Tc distribution shown in 
the inset in (b), which has a higher- Tc bump signaled by an 
arrow (see main text for details). 



long length scales, much larger than ^(0), we will use a 
simple approach similar to the one proposed in previous 
works.i^^^ In this model the measured magnetization is 
approximated by the average 



(AM(T, H)) 



dT,SiT,)AMiT,H,T,), (2) 



where S{Tc) represents the volume distribution of criti- 
cal temperatures, and AM (T, H, Tc) the intrinsic mag- 
netization of an homogeneous superconducting domain 
having a critical temperature Tc- As we are dealing with 
polycrystal samples with the grains randomly oriented, 
we must angular average AM. For that, the magnetiza- 
tion of an arbitrarily oriented crystallite in the direction 
of the applied magnetic field is approximated by 



AMg (T, H, Tc) w AM_L (T, H cos 6, cos ( 



(3) 



where 6 is the angle between the applied magnetic field 
and the grain's c axis, and AM_l is the component of 
the magnetization vector in the direction perpendicular 
to the Cu02 {ah) layers. Note that we have neglected 
the contribution coming from the parallel component of 
the magnetization vector due to the large anisotropy of 
these compounds (7 ^10-15, see, e.g., Ref.[27t). With the 
above approximations, the effective magnetization of a 
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B. Quantitative analysis of the isothermal 
magnetization curves above the superconducting 
transition in terms of the inhomogeneity scenario 

To calculate the magnetization above the supercon- 
ducting transition in presence of Tc-inhomogeneities at 



FIG. 6. (Color online) (a) and (c): Detail of the AM{H) 
dependence when H < Hup for temperatures just above Tc 
in the two samples studied here. The dashed lines are fits of 
a power law [Eq. (|lip ]. As shown in (b) and (d), in spite of 
the simplifications introduced, the model developed in Section 
III.B for the effect of a Tc distribution [Eq. (|4]), solid lines] 
roughly accounts for the experimental observations. 
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polycrystal in presence of Tc inhomogeneities is given by 
{AM{T, H)) « 

d^sin^ / AM^(T, H cose, Ta) cose S{Tc)dTa. (4) 



In this equation, the intrinsic perpendicular magnetiza- 
tion was obtained through 



AM^{T,H,T,) = m{t,h)Hc2{0), 



(5) 



where t = T /Tc is the normahzed temperature, h = 
H/Hc2{0) the reduced magnetic field, and the reduced 
magnetization m{t, h) may be approximated as follows 
(see, e.g., Ref.lli): 

i) In the Meissner region, i.e., for h/{l — t) < lnfi;/2K^, 
where k is the Ginzburg-Landau parameter 



m 



1 - D 



(6) 



Here D is the demagnetizing factor and a accounts for a 
reduction from the ideal diamagnetic response caused by 
a competition between the grains size and the in-plane 
magnetic penetration length, Xab, which for this material 
is about 0.3 /im when T K.— In the case of spherical 
grains 13 = 1/3 and, according to Ref. [29l 



1 3 Agfa (r) 

a = I coth 



Xab{T) 



(7) 



where r is the grains radius. As the crystallites in sam- 
ple 1 present an average radius of ~ 5 /ini, much larger 
than Aa6(0), a is almost temperature independent up 
to very close to Tc and was approximated by its low- 
temperature value (~ 0.83). In the case of sample 2, the 
average grains radius is ^ 1 fim, which leads to a ~ 0.35 
when T — T' K, and decreases monotonously to at Tc- 
In this case, for the sake of simplicity we have used a 
temperature- independent average value (a — 0.15). 

ii) In the London region of the mixed state, i.e., for 
lnK/2«;^ < /i/(l — f) < 0.3, it may be approximated^ 



1 



m 



-Ci 



4k 



2- 111 ( 



(8) 



where ci « 0.77 and rj w 1.44 (see e.g., Ref. |31I). 

iii) In the Abrikosov region of the mixed state, i.e., for 
0.3 < h/{l ~t)<l, it is approximated^ 



h-l+t 
/3a(2k2-1)^ 



(9) 



where /3a ~ 1.16 for a triangular vortex lattice. 

iv) In the normal state h/{\ — t) > 1, due to the high 
anisotropy and the relatively high critical temperature 
of La2-xSr2,Cu04 system, thermal fluctuation effects are 
observable mainly around the Hc2{T) linej^~ However, 
in the presence of a Tc distribution, these effects may 
be completely masked by the much larger contribution 



coming from domains in the fully superconducting state. 
In particular, in the case of a Gaussian Tc distribution, 
it was shown that Tc inhomogeneity effects are dominant 
up to ~ Tc ± 2ATc (see e.g., Ref. [H). Then, to study 
the magnetic behavior in a temperature region ATc wide 
about Tc, we have discarded any contribution to m{t, h) 
coming from superconducting fluctuations. 

Finally, as in some cases we are dealing with wide Tc 
distributions, we have taken into account the Hc2{0) de- 
pendence on Tc- For that, we have evaluated Hc2{0) = 



0o/2^/ioeafc(O) with U(0)[r 



-1.5 + 130/Tc[K], as 



follows from the analysis of the fluctuation diamagnetism 
above Tc in Ref. [161 (see the inset of Fig. 8 in that refer- 
ence). However, we have kept constant the other super- 
conducting parameter involved, k = Aafc(0)/^ah(0) ~ 60 
(see Ref. and references therein) . This last approxi- 
mation is based on the fact that Aaf,(0) is proportional to 
p~i/2, where p is the hole concentration, and decreases 
with Tc in the underdoped region roughly in the same 
way as Cab(O) does. 

The comparison with the measurements of the isother- 
mal magnetization curves around Tc calculated on the 
grounds of the inhomogeneity approach developed above 
[Eqs. (4-9)], is summarized in Figs. S] and [5] For sam- 
ple 1, Eq. Q was evaluated numerically by assuming a 
Gaussian Tc distribution 



6(Tc) = C2 exp 



T -Tc^ ^ 
czATc 



(10) 



where C2 is a normalization factor and C3 — l/2vhi2 ac- 
cording to the above ATc deflnition (FWHM). For sam- 
ple 1, it was used Tc « 28.5 K, and AT^ « 3 K. This 
last value is well within the measured ATc ~ 1.2 K and 
ymax -Tc~ 3.2 K (see Table I). As may be seen in 
Fig. m the resulting isothermal curves are in good agree- 
ment with the experimental data, including the H^p de- 
crease on increasing the temperature. This last behavior, 
similar to that of Hd , is a direct consequence of the sym- 
metric Gaussian Tc-distribution given by Eq. (jlOp . 

The comparison of the inhomogeneities model with the 
data for sample 2 is presented in Fig. [SJ The lines in 
Fig. [SJb) were again numerically evaluated from Eq. Q , 
but this time by using the asymmetric Tc distribution 
shown in the inset. This last was in turn obtained 
through the superposition of two Gaussian distributions: 
one 7 K wide (FWHM) centered in the average Tc (25.5 
K), and other 3 K wide centered in a higher Tc (36 K). 
The volume fraction associated to the higher Tc part rep- 
resents only 0.8% of the total volumen fraction. The use 
of such a distribution is justifled by the asymmetric low- 
field diamagnetic transition found for sample 2 (Fig. 
As may be appreciated in Fig. [SJ the final result is in 
good agreement with the experimental data for sample 
2, including the H^p increase with the temperature. To 
further check that the behavior of Hup observed in sample 
2 is associated with the asymmetry of its Tc distribution, 
we have repeated the same calculations of the magnetiza- 
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tion isotherms, but now removing the higher-Tc bump of 
the distribution. The results are represented in Fig. [5jc) , 
where it may be clearly seen that now Hup decreases with 
the temperature. 



IV. INSIDE THE FULL INHOMOGENEOUS 
REGION: GIANT AND NON-LINEAR 
PRECURSOR DIAMAGNETISM UNDER VERY 
LOW APPLIED MAGNETIC FIELDS 

An aspect particularly interesting of our magnetiza- 
tion measurements is the diamagnetic behavior observed 
around Tc and under low field amplitudes, H < H^p- 
The data in Figs. IH^a) and [Sja) already indicate that 
the excess-magnetization isotherms measured in the two 
samples studied present in this region a non-linear de- 
pendence with the applied magnetic field. This behavior, 
observed in different cuprate superconductors and exten- 
sively studied by various groups in different HTSCj^ii^"— 
was explained in the case of the LSCO-01 samples in 
terms of Tc-inhomogeneities in Sect. III.B. However, due 
to the relevance given to these low-field anomalies by dif- 
ferent authors r'lii"— they will be further analyzed here 
by combining the GGL approach with our simple inho- 
mogeneity scenario, and also through new measurements 
of the reduced-temperature dependence of this anomaly. 
Another new aspect here will be a throughout compar- 
ison between the AM{T)h and the AM{H)t results, 
which will provide a further check of both the consis- 
tency of our experimental results and of the origin of the 
observed anomalies. 

A detail, in linear scale, of the low-field dependence 
of AM{H)t measured slightly above Tc is presented 
in Figs. EJa) and (b) for the two samples studied here. 
These experimental isotherms show a pronounced non- 
linear behavior close to the one of a power-law when 
H ^0, 



AM{H)t = AH^ 



(11) 



where A is a constant and z a critical exponent (both 
of them temperature dependent). The dashed lines in 
these figures are fits to Eq. (fTTj) . and lead to z values 
between 0.55 and 0.75. This effect was claimed to be an 
evidence of the unconventional nature of the supercon- 
ducting transition of these materials i^iii"— Let us note 
already here that such a behavior, first stressed by Las- 
cialfari and coworkers?^ must not be confused with a simi- 
lar dependence observed above Tc but under much higher 
reduced magnetic field amplitudes, in the so-called finite 
field (or Prange) region (when /i e, see e.g., Refs. 
and |3|) . This last behavior may be easily explained on 
the grounds of the GGL approach in presence of a total- 
energy cutoff^i^ 

As suggested already by the results of Sect. III.B, 
the non-linear magnetization behavior at low field am- 
plitudes shown in Figs, and (c) may be easily ac- 
counted for on the grounds of the simple inhomogene- 



ity model developed in that Section: by using again in 
Eq. (HI) the Tc distributions indicated in the insets of 
Figs, mb) and[5jb), one obtains the solid curves repre- 
sented in Figs. [ni[b) and (d). In spite of the approxima- 
tions introduced in this model, it is remarkable that it 
reproduces both the observed AAI {H)t amplitude and 
non-linear behavior. 
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FIG. 7. (Color online) (a) and (b) Some examples of the ex- 
cess magnetization (normalized by HT) as a function of the 
reduced temperature. The solid lines are the GGL predic- 
tions, obtained from Eq. (|12|) as described in the main text. 
The dashed areas were calculated from Eq. (llSp and cor- 
respond to the field-dependent reduced-temperatures below 
which the measurements are expected to be deeply affected 
by Tc-inhomogeneities. The dashed lines were estimated from 
the Tc -inhomogeneity approach developed in Sect. III.B. The 
agreement with the low-field measurements is quite good. As 
one may also appreciate, in the low field data some inhomo- 
geneity effects manifest even well above e'"'^(0), up to reduced 
temperatures of the order of 2ln{T^'''' /Tc). Note also that 
in sample 1, affected only by intrinsic- like inhomogeneities 
associated with the unavoidable random distribution of Sr 
ions, a 5 T magnetic field is enough to shift Tc{H) to lower 
temperatures by more than 2 ln(T^'"'/Tc). This explains why 
the inhomogeneity effects become non-observable in that case, 
the agreement with the GGL predictions being then excellent. 
However, for sample 2 the effect of Tc inhomogeneities extends 
to much higher reduced temperatures, up to e'"'^(0) ~ 0.5, 
and an applied mag netic field of 5 T only shifts £"'''(//) down 
to ~ 0.4. This explains in turn the strong disagreements with 
the theory of homogeneous samples observed for all field am- 
plitudes in (b). 
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To analyze now these low field magnetization anoma- 
lies in terms of the GGL approach, one may start by com- 
paring at a quantitative level the excess-magnetization 
shown in Figs. HJa) and (c) with the GGL predictions. 
For single-layered superconductors, the excess magneti- 
zation in the GGL approach under a total-energy cutoff 
is given byjS 



AM 



InF 



4>os 
h + 



2h^ 



2h 



InF 



2h 



2h^ 



2h 



2h 

- e 



2h 



,(12) 



where F and ip are the gamma and digamma functions, 
ks the Boltzmann constant, the flux quantum, s the 
periodicity length of the superconducting layers, e*^ the 
total-energy cutoff constant, and / the so-called effective 
superconducting fraction,^ that may be approximated by 
the Meissner fraction. ■^'^ In the low field regime {h ^ e) 
Eq. p2)) reduces to 



AM 



6(f>os V s 



1 1 



(13) 



which corresponds to the Schmidt and Schmid limit^^ 
under a total-energy cutoff. If, in addition, e ^ e^: 



AM 



-/ 



ksT h 

6(/)0S £ 



(14) 



which is the well-known Schmidt-like expression for a 
single-layered superconductor in the 2D limit.-^i 

In the low field regime, the GGL approach predicts, 
as it is well known, a field-independent excess-magnetic 
susceptibility. Ax = AM/H. In addition, by using in 
Eq. (m / = 1, s = 6.6 A, T « 30 K and /ioi?c2(0) = 
36 Tj"^^ one finds Ax « — 2 x 10~^e~^, which takes values 
orders of magnitude smaller than those that one may di- 
rectly infer from the experimental data given in Figs.[6l^a) 
and (c). For instance, for the isotherms at 30 K in sam- 
ple 1 and 27 K in sample 2, which roughly correspond 
to a quite similar reduced temperature of the order of 
e ~ 0.05, and for ^qH = 10'^ T, the data of Figs. [IJa) 
and (c) lead to Ax of the order of —1.3 x 10^^ and 
—2.7 X 10~^ for, respectively, samples 1 and 2. These 
values are to be compared with Ax ~ —3.5 x 10^^, a 
value directly obtained by using e — 0.05 in Eq. (|14p . 

To analyze in terms of the GGL approach the temper- 
ature dependence of the excess magnetization, one must 
first extract the experimental AAf(e)^f by determining 
the background magnetization and then using Eq. ([l}. 
The background magnetization was obtained by fitting a 
Curie-like function {Mb = A + BT + C/T, being A, B 
and C fitting constants) in temperature ranges ^ 50 K 
wide above at least 85 K. Some examples of the magne- 
tization background for each sample may be seen in the 
insets of Fig. |3] (corresponding to ^qH = 0.1 T). Other 
aspects of the background extraction are similar to those 
detailed in Refs. |13j and 1 161. 



The AM{e)h/HT data of Figs. [Tta) and (b) already 
show, by just comparing to each other the measurements 
in the two samples, that some of these experimental 
curves are in fact extrinsic: For instance, at £ ~ 0.1 
the data measured under a field amplitude of 0.1 T are 
almost two orders of magnitude larger in sample 2 than 
in sample 1. The extrinsic character of most of these 
AM{e)h/ HT curves is further confirmed when they are 
compared with the GGL predictions: the solid lines in 
Figs. [TJa) and (b) were obtained by using in Eq. 
the parameter values of Table I, — 0.55 (see Ref. 36), 
and / = 0.95 and 0.75 for, respectively, samples 1 and 
2.^^ These GGL curves strongly differ from the measure- 
ments, mainly in the low field and in the low reduced 
temperature region, even in the case of sample 1 (affected 
only by intrinsic-like inhomogeneities associated with the 
random distribution of the Sr ions). However, the differ- 
ences are considerably quenched, even completely in the 
case of sample 1, for the measurements performed under 
5 T (see below). 

The strong disagreement between the GGL approach 
and the measurements may be easily explained at a 
qualitative level by taking into account the presence of 
Tc-inhomogeneities. Note first that the experimental 
AM{e)h/HT curves show a rapid and strong amplitude 
increase, and the differences with the GGL predictions 
are more important at reduced temperatures where the 
measurements are expected to be deeply affected by Tc- 
inhomogeneities: In the case of Tc-inhomogeneities with 
a Gaussian Tc distribution, the upper limit of this e- 
region, that we will call full inhomogeneous region, may 
be roughly estimated asr^ 



(15) 



However, in presence of inhomogeneities that do not fol- 
low a Gaussian distribution, the corresponding effects 
may manifest up to T^'^^ (see Section II). 

The qualitative results summarized above apply re- 
markably well to the data shown in Figs. El^a) and (b). 
The dashed bars here correspond to £'"'^(_ff) calculated 
by using the parameters in Table I. As expected, in the 
full inhomogeneous region the AM{e)h/ HT curves show, 
for both samples, huge differences with the GGL predic- 
tions. But in addition, one may appreciate, mainly in 
the case of sample 1, that the data measured under low 
fields are somewhat affected by inhomogeneities even well 
above e™*^(i?), up to reduced temperatures of the order 
of 2 ln(Tc'"^''/Tc) « 0.2. These results are particularly 
interesting because they show that the presence of un- 
avoidable, intrinsic like, Tc-inhomogeneities, even when 
they have relatively small amplitudes, could have huge ef- 
fects on the measurements, even beyond e'"^. The strong 
sensitivity of the precursor diamagnetism to the presence 
of Tc- inhomogeneities, together with the fact that their 
doping make most of the HTSC intrinsically inhomoge- 
neous, would explain why an anomalous diamagnetism 
was observed above Tc in a wide number of HTSC fami- 
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lies and doping levels i^"— Note also that, although these 
inhomogeneity effects were already predicted up to 
in Ref. [Ij (see the Fig. 6 therein), our present results 
provide a first experimental evidence of their relevance 
beyond the full inhomogeneous region. These conclu- 
sions must be probably extended to the behavior of any 
magnitude around a superconducting transition. 

To further analyze in the full inhomogeneous region 
how the Tc-inhomogeneities affect the temperature de- 
pendence of the magnetization curves measured under 
low field amplitudes, in Figs. Elja) and (b) we have also 
compared these data with the inhomogeneity approach 
summarized in Sect. III.B. The dashed curves in these fig- 
ures were obtained from Eq. ^ by including Eq. as 
a contribution to the magnetization in the normal state. 
In doing that, we used for sample 1 a Gaussian Tc distri- 
bution with Tc{0) = 28.8 K and AT^ = 2.5 K (close to 
the one used in Sec. III.B), while for sample 2 we used 
the double Gaussian distribution used in that Section. In 
addition, the finite field effects are crudely implemented 
in Eq. ([T3| by just taking into account the Tc dependence 
on H. The divergence at Tc{H) is avoided by cutting off 
the magnetization to its value at the Levanyuk-Ginzburg 
reduced-temperature, \£lg\ ~ 3 x 10~^. It can be seen 
how the model developed, despite the crudeness of the 
approximations used, roughly fits the experimental data 
using a ATc just slightly larger than the one determined 
from low magnetic field susceptibility measurements (see 
Fig.[2|). 

Another remarkable result that may be observed in 
Fig. [7l[a) is that in sample I, the one just affected by 
intrinsic-like inhomogeneneities (that will be unavoidable 
even in an ideal LSCO crystal), an applied field of 5 T 
is enough to shift Tc{H) to low temperatures, making 
i?/Fc2(0) even larger than 2 ln(r^'"'^'^/rc), [i.e., e'"''(i?) 
vanishes]. This explains why the inhomogeneity effects 
become almost non-observable in this case, the agreement 
with the GGL predictions being excellent in all the stud- 
ied £-region. However, for sample 2 its (extrinsic) full 
inhomogeneous region extends to much higher reduced- 
temperatures, up to e™''(0) « 0.5, and a field of 5 T only 
shifts e™^{H) to around 0.30. This explains the strong 
disagreements with the theory observed for all field am- 
plitudes in Fig. [7Kb). 

Note finally that the comparison between the AA/(e)// 
curves in Fig. [7] with the AM{H)t curves in Figs. |4] 
and [5] provides an important test of consistency for 
both the magnetization measurements and the proce- 
dures followed to estimate the corresponding excess dia- 
magnetism. For instance, the excess magnetization which 
may be obtained in Fig. [TJa) from the data points at 
e 0.04 of the AM{e)H curve measured under a mag- 
netic field of 4 X 10"'^ T, is in reasonable agreement with 
the one that may estimated from the AM{H)t curve of 
Fig.Umeasured under the same T (^30 K) and H values. 



V. SUMMARY AND CONCLUSIONS 

The central aim of this work was to contribute to 
establish the intrinsic precursor diamagnetism in high- 
Tc superconductors and the origin of the anomalies re- 
cently observed in the magnetization above the super- 
conducting transition in underdoped cuprates, in par- 
ticular in LSCO compounds. These new anomalies in- 
clude a diamagnetism with a huge and field-dependent 
amplitude under very low reduced-magnetic fields and, 
simultaneously, close to the average Tc- They induce 
also an increase when the temperature increases of the 
so-called upturn magnetic field Hupr^^^ Moreover, as 
first reported by Lascialfari and coworkersii, below H^p 
the isothermal magnetization curves show an anomalous 
power-law dependence on H.^^ In spite of previous works 
warning that these type of anomalies could be due to the 
presence of Tj. inhomogeneities associated with chemical 
disorder fi^ii^ii^ they are being considered by different au- 
thors as intrinsic to underdoped cuprates and then, with- 
out any serious confrontation with other possible causes, 
as an evidence for phase incoherent superconductivity 
in the pseudogap regime J^"— In fact, these warnings 
have been taken into account only by Lascialfari and 
coworkers,^'' but the inhomogeneity origin of these new 
magnetization anomalies was discarded because symmet- 
ric Tc distributions, the only ones taken into account by 
these authors, cannot explain the observed temperature 
dependence of H^p ■ 

Here, we have first presented detailed experimental re- 
sults on the magnetization measured above the average 
transition temperature in two underdoped granular sam- 
ples of the same nominal composition, Lai.9Sro.iCu04 
(LSCO-0.1), but with different structural and chemical 
disorder due to differences in their synthesis. In one of 
the samples the chemical disorder is just the intrinsic- 
like one, associated with the unavoidable random distri- 
bution of the Sr ions (which will be then present even 
in an ideal Lai.gSro.iCu04 crystal), and the correspond- 
ing Tc-inhomogeneities may be approximated as symmet- 
ric. In contrast, the most disordered sample presents a 
pronounced asymmetric Tc-distribution. The anomalies 
observed in the magnetization measurements around the 
superconducting transition, in particular in the isotherm 
magnetization curves under low magnetic field ampli- 
tudes, are similar to those claimed as intrinsic by other 
authors. However, the comparison of the as-measured 
data in both samples already shows directly that most of 
the observed magnetization anomalies are in fact extrin- 
sic. When analyzed at a more quantitative level, these 
data first show that these anomalies may be explained 
by the presence of structural and Tc-inhomogeneities 
with long characteristic lengths, much larger than the 
in-plane superconducting coherence length amplitude. 
This conclusion includes the increase of Hup as the tem- 
perature increases, that may be still attributed to Tc- 
inhomogeneities if they have a markedly asymmetric Tc- 
distribution, extended well above the average transition 
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temperature. In fact, this is mainly the case in the most 
inhomogeneous samples, where such a temperature de- 
pendence of Hup is observed to be more important. 

It was also shown experimentally that the inhomogene- 
ity and the fluctuation effects in sample 1, whose chemical 
disorder is close to the intrinsic one (associated with the 
unavoidable random distribution of the Sr ions))^ may 
be disentangled by just applying a magnetic field strong 
enough as to shift Tc{H) to low temperatures, by an 
amount of the order of or larger than the superconducting 
transition width associated with inhomogeneities. Un- 
der such a field amplitude, for sample 1 of the order of 
3 T, the inhomogeneity effects on the magnetization were 
quenched, and the remaining diamagnetic effects were ex- 
plained in terms of the Gaussian-Ginzburg-Landau ap- 
proach for homogeneous layered superconductors. This 
agreement also confirms our previous conclusions about 
the absence in the bulk of intrinsic inhomogeneities with 
short characteristic lengths, as those observed by using 
surface probes 

Complementarily, the agreement with the GGL ap- 
proach was extended to high reduced-temperatures, for 
£ s; 0.1, by using a total-energy cutoff of the order 
of £^ ^ 0.55, this last corresponding to the limit im- 
posed by the uncertainty principle to the shrinkage of 
the superconducting wavefunction when the tempera- 
ture increases."^- This result further confirms our ear- 
lier conclusions, obtained through measurements of both 
the diamagnetism above Tcr'^— and of the in-plane 
paraconductivityr^ that the onset temperature, T^, for 
the superconducting fiuctuations in underdoped cuprates 



is not affected by the opening of a pseudogap in their 
normal state. Indirectly, these last results also support 
recent proposals that the large Nernst signal observed in 
the normal state in LSCO is not associated with super- 
conducting fluctuations. ^'^'^^ Nevertheless, the relevance 
that is being given at present to the precise location of 
T'^ in underdoped cuprates, and to the seeming disagree- 
ments between the values inferred from transport or mag- 
netic measurements fiiiii^—i^ make particularly desir- 
able to extend our present magnetization measurements 
to the high reduced-temperature regime of cuprates with 
different dopings. For this task, our present results sug- 
gest the way to separate the intrinsic fluctuation effects 
from those due to a, symmetric or not, Tc distribution. 

Another aspect that will need further examination on 
the grounds of our present results concerns the magneti- 
zation measurements above in iron pnictides: whereas 
detailed results in a high-quality Bai_a;K2;Fe2As2 single 
crystal have been explained in terms of conventional GGL 
approaches)^ recent measurements under very low field 
amplitudes in a polycrystalline sample (SmFeAsOp. 8^0.2) 
present anomalies similar to the ones described here for 
LSCO samples4i 
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